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In this study, the power conversion efficiency of bis-chalcone derivatives and its complexes 
as the dye sensitizer in dye-sensitized solar cell had been determined. A total of 6 compounds 
of bis-chalcone derivatives, namely, compound 1A, 1B, 2A, 2B, 3A and 3B had been 
synthesized by the Claisen-Schmidt condensation reaction. Two compounds, compound 1B 
and compound 2B were further proceeded to the complexation with cis-
dichlorotetrakis(dimethylsulfoxide) ruthenium(II) precursor to yield the complex CX1 and 
complex CX2. The molecular structure of the synthesized compounds and complexes were 
characterized and confirmed by the fourier transform infrared spectrophotometer, proton and 
carbon nuclear magnetic resonance spectrometer, UV-visible spectrophotometer and CHN 
analysis. Finally, all of the synthesized materials were applied as the dye sensitizer in the dye-
sensitized solar cell and the power conversion efficiency was measured using the San Ei XES-
40S1 Solar Simulator under monochromatic light of air mass 1.5 global (AM 1.5G) with the 
incident light intensity of 100 mW/cm2. Results showed that compound 1B afforded the 
highest power conversion efficiency of 0.05 % due to the good dye absorption towards the 
TiO2 semiconductor with the fill factor value of 51.60 % recorded. On the other hand, both 
ruthenium complexes of CX1 and CX2 showed very low power conversion efficiency value 
of 2.79 x 10-3 % and 1.68 x 10-3 %, respectively. This may have resulted from the 
symmetrical molecular framework of the ruthenium complex, which hindered the electron 
transfer towards the TiO2 semiconductor. Therefore, the intermediate compound 1C can be 
served as the future prospects to further modify the molecular framework of bis-chalcone 
derivatives. 
Keywords: bis-chalcone derivatives, ruthenium complex, dye sensitizer, dye-sensitized solar 
cell, power conversion efficiency 
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Bis-2’-hidroksilkalkon serta Kompleksnya terhadap Potensi Applikasi Sebagai Pewarna 
Sensitasi dalam Sel Solar Terpeka Pewarna 
ABSTRAK 
Dalam kajian ini, kecekapan penukaran tenaga bagi terbitan bis-kalkon dan kompleksnya 
sebagai pewarna sensitasi dalam sel solar terpeka perwarna telah dicapai. Sejumlah 6 
sebatian terbitan bis-kalkon antaranya sebatian 1A, 1B, 2A, 2B, 3A dan 3B telah disediakan 
melalui tindak balas kondensasi Claisen-Schmidt. Selepas itu, dua sebatian iaitu sebatian 1B 
dan sebatian 2B yang dihasilkan dilanjutkan untuk pengkompleksan dengan cis-
diklorotetrakis (dimetilsulfusid)rutenium(II) untuk menghasilkan kompleks CX1 dan CX2.  
Kesemua sebatian yang disintesis telah dicirikan dengan menggunakan kaedah spektroskopi 
seperti inframerah, resonans magnet nukleus, ultralembayung dan analisin CHN. Akhir 
sekali, kesemua sebatian dan kompleks telah diaplikasikan sebagai perwana foton dalam sel 
solar terpeka pewarna manakala kecekapan penukaran tenaga telah diukur dengan 
menggunakan alat San Ei XES-40S1 Suria Simulasi di bawah cahaya monokromatik 
bersamaan dengan jisim udara 1.5 global (JU 1.5G) dalam tenaga cahaya insiden sebanyak 
100 mW/cm2. Data menunjukkan sebatian 1B mencatatkan kecekapan penukaran tenaga yang 
tertinggi iaitu 0.05 % disebabkan penyerapannya yang baik pada semikonduktor TiO2 dengan 
faktor pengisian sebanyak 51.60 %. Manakala, kompleks CX1 dan CX2 menunjukkan 
kecekapan penukaran tenaga yang amat rendah iaitu 2.79 x 10-3 % dan 1.68 x 10-3 %, 
masing-masingnya. Ini kerana struktur molekul kompleks ruthenium yang simetri 
menjejaskan pemindahan elektron ke arah semikonduktor TiO2. Oleh itu, sebatian 1C telah 
dihasilkan sebagai kajian masa depan untuk menngubah struktur molekul terbitan bis-kalkon.  
Kata kunci: terbitan bis-kalkon, kompleks rutenium, pewarna sensitasi, sel suria bercirikan 
perwarna sensitasi, kecekapan penukaran tenaga 
vi 
 
TABLE OF CONTENTS 
 
             Page 
DECLARATION ...................................................................................................................... i 
ACKNOWLEDGEMENT ...................................................................................................... ii 
ABSTRACT….. ...................................................................................................................... iv 
ABSTRAK……… ...................................................................................................................... v 
TABLE OF CONTENTS ....................................................................................................... vi 
LIST OF TABLES ................................................................................................................ xii 
LIST OF FIGURES ............................................................................................................. xiii 
LIST OF SCHEMES ............................................................................................................ xix 
LIST OF ABBREVIATIONS .............................................................................................. xxi 
CHAPTER 1: INTRODUCTION ......................................................................................... 1 
1.1 Solar energy as the alternative resource ......................................................................... 1 
1.2 Overview of photovoltaic technologies .......................................................................... 2 
1.3 General principle of dye-sensitized solar cell (DSSC) ................................................... 7 
1.4 General properties of dye sensitizers ............................................................................. 9 
1.5 General background on flavonoids .............................................................................. 10 
1.6 Introduction to chalcone family ................................................................................... 12 
1.7 Problem Statement and objectives of study ................................................................. 14 
1.8 Scope of the thesis ........................................................................................................ 15 
vii 
 
CHAPTER 2: LITERATURE REVIEW ........................................................................... 16 
2.1 Composition of DSSC and its roles in solar conversion efficiency ............................. 16 
2.1.1     Transparent conductive oxide (TCO) coated film ....................................................... 16 
2.1.2   The semiconductor titanium dioxide (TiO2) ................................................................. 17 
2.1.3   Dye sensitizer ................................................................................................................ 18 
2.1.4   Redox Electrolyte .......................................................................................................... 22 
2.1.5   Counter electrode .......................................................................................................... 24 
2.1.6   DSSC assembling and its performance evaluation ....................................................... 24 
2.2 Synthesis pathway of chalcone and its derivatives ...................................................... 27 
2.2.1   Claisen-Schmidt condensation reaction ........................................................................ 27 
2.2.1  (a) Acid catalytic reaction pathway ........................................................................... 28 
2.2.1  (b) Basic catalytic reaction pathway .......................................................................... 30 
2.2.2   Suzuki-Miyaura reaction ............................................................................................... 31 
2.2.3   Grinding technique ........................................................................................................ 33 
2.2.4   Sonocatalysis and thermally activated reactions ........................................................... 34 
2.2.5   Microwave-assisted technique ...................................................................................... 35 
2.3 Application of chalcone and its derivatives towards society ....................................... 36 
2.3.1  Biological potential of chalcone and its derivatives ....................................................... 36 
2.3.2  Electronic potential of chalcone and its derivatives ....................................................... 40 
2.4 Review on 2’-hydroxychalcone complex synthesis and analysis ................................ 45 
2.5 Application of 2’-hydroxychalcone complexes ........................................................... 50 
viii 
 
CHAPTER 3: METHODOLOGY ...................................................................................... 53 
3.1 Materials, Chemicals and reagents ............................................................................... 53 
3.1.1 (a) Materials, chemicals and reagents used for bis-chalcone synthesis .......................... 53 
3.1.1 (b) Materials, chemicals and reagents used for complex synthesis ................................. 53 
3.1.1 (c) Materials and chemicals used in fabrication of DSSC .............................................. 54 
3.2 Procedure ...................................................................................................................... 54 
3.2.1   Synthesis of bis-chalcone .............................................................................................. 54 
3.2.1.1  Preparation of Series 1 bis-chalcone ........................................................................... 54 
3.2.1.2  Preparation of Series 2 bis-chalcone ........................................................................... 58 
3.2.1.3  Preparation of bis-chalcone (Series 3) ........................................................................ 60 
3.2.1.4  Characterization .......................................................................................................... 62 
3.2.2    Synthesis of metal(II) complexes ................................................................................. 63 
3.2.2.1  Preparation of cis-dichlorotetrakis(dimethylsulfoxide)ruthenium(II) precursor, PC1 63 
3.2.2.2  Complexation of bis-2’-hydroxychalcone derivatives with PC1 ................................ 64 
3.2.2.3  Characterization .......................................................................................................... 68 
3.2.3     Fabrication of dye-sensitized solar cell (DSSC) ......................................................... 68 
3.2.3.1  Preparation of TiO2 working electrode ....................................................................... 69 
3.2.3.2   Preparation of standard dye (N3) solution ................................................................. 69 
3.2.3.3   Preparation of bis-chalcone compounds and ruthenium complexes as dye- 
sensitizer…. ................................................................................................................ 70 
3.2.3.4 Preparation of Pt counter electrode ............................................................................. 70 
ix 
 
3.2.3.5  Composition of electrolyte ........................................................................................ 71 
3.2.3.6  Preparation of dye-sensitized working electrode ....................................................... 71 
3.2.3.7  Sealing of dye-sensitized solar cell ............................................................................ 72 
3.2.3.8  Characterization ......................................................................................................... 72 
CHAPTER 4: RESULTS AND DISCUSSION .................................................................. 74 
4.1 Results and discussion on synthesized bis-chalcone compounds ................................ 74 
4.1.1   Working mechanism on synthesis of bis-chalcone derivatives ..................................... 74 
4.1.2   Strategy in bis-chalcone synthesis and work up ............................................................ 76 
4.1.3    Spectroscopic data of Series 1 bis-chalcone ................................................................ 80 
4.1.3.1  (2E, 2’E)-3-3’-(1,4-phenylene)bis(1-phenylprop-2-en-1-one), 1A ........................... 80 
4.1.3.2 (2E, 2’E)-3-3’-(1-4-phenylene)bis(1-(2-hydroxy phenyl) prop-2- en-1-one),      
1B……….. .................................................................................................................. 82 
4.1.3.3   (E)-4-(3-(2-hydroxyphenyl)-3-oxoprop-1-en-1-yl) benzaldehyde, 1C ...................... 84 
4.1.4      Spectroscopic data of Series 2 bis-chalcone .............................................................. 86 
4.1.4.1 (2E, 2’E)-3,3’-(1,3-phenylene)bis(1-phenylprop-2-en-1-one), 2A ............................ 86 
4.1.4.2 (2E, 2’E)-3-3’-(1,3-phenylene)bis[1-(2’-hydroxyphenyl) prop-2-en-1-one],  
2B……….. .................................................................................................................. 88 
4.1.5      Spectroscopic data of Series 3 bis-chalcone .............................................................. 90 
4.1.5.1 (2E, 2’E)-3,3’-(2,5-dimethoxy-1,4-phenylene)bis(1-phenylprop-2-en-1-one),  
3A……….. ................................................................................................................. 90 
x 
 
4.1.5.2 (2E, 2’E)-3,3’-(2,5-dimethoxy-1,4-phenylene)bis(1-[2’-hydroxyphenyl] prop-2-en-1-
one), 3B ....................................................................................................................... 92 
4.1.6      Spectroscopic analysis of bis-chalcone series ............................................................ 94 
4.1.6.1  FT-IR spectra analysis ............................................................................................... 94 
4.1.6.2  Nuclear Magnetic Resonance (NMR) spectroscopy analysis .................................... 96 
4.1.6.3  UV-visible spectroscopy analysis ............................................................................ 100 
4.2 Results and discussion of complexation between bis-2’-hydroxychalcone (1B and 2B) 
and ruthenium precursor, PC1 .................................................................................. 102 
4.2.1   Synthesis method and work up strategies ................................................................... 102 
4.2.2   Cis-dichlorotetrakis(dimethylsulfoxide)ruthenium(II) precursor, PC1 ...................... 105 
4.2.3   1,4-bis-2’-hydroxychalcone-bis[chloro-tris(dimethylsulfoxideruthenium(II)], 
CX1………… ............................................................................................................ 106 
4.2.4 1,3-bis-2’-hydroxychalcone-bis[chloro-tris(dimethylsulfoxide)ruthenium(II)], 
CX2………… ............................................................................................................ 110 
4.2.5 Spectroscopy analysis of ruthenium complexes ......................................................... 113 
4.2.5.1 FT-IR spectra analysis of CX1 and CX2 ................................................................. 113 
4.2.5.2  NMR spectra analysis of CX1 and CX2 .................................................................. 115 
4.2.5.3 UV-visible analysis ................................................................................................... 118 
4.3 Results and discussion on the application of synthesized bis-chalcone and      
complexes in DSSC ................................................................................................... 119 
4.3.1 Morphology of titanium dioxide (TiO2) on FTO glass .............................................. 119 
xi 
 
4.3.2 Application of bis-chalcone derivatives towards solar cell efficiency ....................... 122 
4.3.3 Electrochemistry study of compound 1B ................................................................... 126 
4.3.4 Application of complex CX1 and CX2 in solar cell efficiency ................................. 127 
CHAPTER 5: CONCLUSION AND SUGGESTION FOR FUTURE WORK ............ 131 
5.1 Conclusion on the overall project ............................................................................... 131 
5.2 Suggestion for future work ......................................................................................... 132 
REFERENCES.. .................................................................................................................. 135 


















LIST OF TABLES 
  Page 
Table 4.1 Selected IR data of bis-chalcone derivatives     92 
Table 4.2 1H NMR data of bis-chalcone derivatives     94 
Table 4.3 13C NMR data of bis-chalcone derivatives     96 
Table 4.4 UV-visible absorption data of bis-chalcone derivatives     97 
Table 4.5 IR peak of bis-2’-hydroxychalcone ligands and ruthenium(II) 
complexes 
  109 
Table 4.6 Comparison of 1H NMR for 1,4-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethyl sulfomide)ruthenium(II)], CX1 and compound 1B 
  111 
Table 4.7 Comparison of 1H NMR for 1,3-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethyl sulfoxide)ruthenium(II)], CX2 and compound 2B 
  111 
Table 4.8 UV-visible absorption data of CX1 and CX2 complex   114 
Table 4.9 Summary of power conversion efficiency of bis-chalcone compounds   119 
Table 4.10 Summary of power conversion efficiency of ruthenium complexes 
with respective ligands 





LIST OF FIGURES 
  Page 
Figure 1.1 Schematic illustration of CPV solar cell with InGaP/InGaAs/Ge 
triple-junction 
    3 
Figure 1.2 Cross-section view of mono and multicrystalline silicon solar cell 
 
     4 
Figure 1.3 Structure of the 1st generation single junction p-i-n amorphous Si 
thin film solar cell 
     5 
Figure 1.4 Basic structure of dye sensitized solar cell      6 
Figure 1.5 Best research cell efficiencies obtained from NREL (Retrieved from 
https://www.nrel.gov/pv/ 
     7 
Figure 1.6 Typical structure of flavonoid     10 
Figure 1.7 Structure of some selected flavonoids     10 
Figure 1.8 General molecular structure of chalcone     12 
Figure 1.9 Complex coordination of 2’-hydroxychalcone with metals ion     12 
Figure 2.1 General structure of cis-bis(4,4’-dicarboxy-2-2’-
bipyridine)dithiocyanato ruthenium (II) complex (N3 dye) 
    19 
Figure 2.2 Molecular structure of donor-π-bridge acceptor zinc porphyrin     19 
Figure 2.3 Molecular structure of boron chalconate complex     20 
xiv 
 
Figure 2.4 Molecular structure of terthiophene organic dye sensitizer     21 
Figure 2.5 J/V measurement of typical DSSC     25 
Figure 2.6 Structure of licochalcone A (12) and 4-methylamino-3’,4’-
dimethoxychalcone (13) 
   37 
Figure 2.7 Structure of 3-indolyl-1-phenylpropenone derivatives     38 
Figure 2.8 Structure of 4,4’-dihydroxychalcone      38 
Figure 2.9 Structure of synthesized DMMC with high SHG efficiency     40 
Figure 2.10 Structure of synthesized substituted bis-chalcone     41 
Figure 2.11 Bis-chalcone compound with high emission property     43 
Figure 2.12 Structures of metal(II) complexes with substituted 2’-
hydroxychalcones 
    45 
Figure 2.13 Boron complexes derived from hydroxychalcone derivatives     50 
Figure 3.1 Proposed molecular structure of compound 1A (a) and compound 1B 
(b) 
    53 
Figure 3.2 Proposed molecular structure of compound 1C (c) and compound 1D 
(d) 
    54 
Figure 3.3 Proposed molecular structure of compound 2A (e) and 2B (f)     56 
Figure 3.4 Proposed molecular structure of compound 3A (g) and 3B (h)     58 
xv 
 
Figure 3.5 Molecular structure of cis-
dichlorotetrakis(dimethylsulfoxide)ruthenium(II) precursor, PC1 
    61 
Figure 3.6 Proposed molecular structure of complex CX1 (i) and CX2 (j)     63 
Figure 3.7 Schematic structure of DSSC     66 
Figure 3.8 Electron beams evaporation technique     68 
Figure 4.1 FT-IR spectrum of compound 1A     77 
Figure 4.2 1H NMR spectrum of compound 1A     78 
Figure 4.3 13C NMR spectrum of compound 1A     78 
Figure 4.4 UV-visible spectrum of compound 1A     79 
Figure 4.5 FT-IR spectrum of compound 1B     79 
Figure 4.6 1H NMR spectrum of compound 1B     80 
Figure 4.7 13C NMR spectrum of compound 1B     80 
Figure 4.8 UV-visible spectrum of compound 1B     81 
Figure 4.9 FT-IR spectrum of compound 1C    81 
Figure 4.10 1H NMR spectrum of compound 1C    82 
Figure 4.11 13C NMR spectrum of compound 1C    82 
Figure 4.12 UV-visible spectrum of compound 1C     83 
Figure 4.13 FT-IR spectrum of compound 2A    83 
xvi 
 
Figure 4.14 1H NMR spectrum of compound 2A    84 
Figure 4.15 13C NMR spectrum of compound 2A    84 
Figure 4.16 UV-visible spectrum of compound 2A    85 
Figure 4.17 FT-IR spectrum of compound 2B    85 
Figure 4.18 1H NMR spectrum of compound 2B    86  
Figure 4.19 13C NMR spectrum of compound 2B    86 
Figure 4.20 UV-visible spectrum of compound 2B    87 
Figure 4.21 FT-IR spectrum of compound 3A    87 
Figure 4.22 1H NMR spectrum of compound 3A    88 
Figure 4.23 13C NMR spectrum of compound 3A    88 
Figure 4.24 UV-visible spectrum of compound 3A    89 
Figure 4.25 FT-IR spectrum of compound 3B    89 
Figure 4.26 1H NMR spectrum of compound 3B    90 
Figure 4.27 13C NMR spectrum of compound 3B    90 
Figure 4.28 UV-visible spectrum of compound 3B    91 
Figure 4.29 FT-IR of ruthenium precursor PC1   102 
Figure 4.30 1H NMR spectrum of ruthenium precursor PC1   102 
xvii 
 
Figure 4.31 13C NMR spectrum of ruthenium precursor PC1   103 
Figure 4.32 FT-IR spectrum of 1,4-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX1 
  103 
Figure 4.33 1H NMR spectrum of 1,4-bis-2’-hydroxychalcone-bis[chloro- 
tris(dimethylsulfoxide)ruthenium(II)], CX1 [(a) Downfield; (b) 
Upfield] 
  104 
Figure 4.34 13C NMR spectrum of 1,4-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX1 [(a) Downfield; (b) 
Upfield] 
  105 
Figure 4.35 UV-visible spectrum of 1,4-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX1 
  106 
Figure 4.36 FT-IR spectrum of 1,3-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX2 
  106 
Figure 4.37 1H NMR spectrum of 1,3-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX2 [(a) Downfield; (b) 
Upfield] 
  107 
Figure 4.38 13C NMR spectrum of 1,3-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX2 [(a) Downfield; (b) 
Upfield] 
  108 
Figure 4.39 UV-visible spectrum of 1,3-bis-2’-hydroxychalcone-bis[chloro-
tris(dimethylsulfoxide)ruthenium(II)], CX2 
  109 
xviii 
 
Figure 4.40 SEM image of TiO2 surface morphology on FTO glass   117 
Figure 4.41 Molecular structure of synthesized bis-chalcone derivatives   118 
Figure 4.42 J/V measurement of bis-chalcone compounds (without –OH 
substituent, compounds 1A, 2A, and 3A, left); (with –OH substituent, 
compounds 1B, 2B and 3B, right) 
  122 
Figure 4.43 Cyclic Voltammogram of compound 1B in DCM/0.1 M [NBu4]PF6 at 
0.05 Vs-1 scan rate 
  123 
Figure 4.44 Molecular structure of CX1 and CX2   124 
Figure 4.45 J/V measurement of standard N3 dye (left) and synthetic dye of 
ruthenium complexes (right) 
  125 
Figure 5.1 Proposed bis-chalcone molecular structure for future work   128 













LIST OF SCHEMES 
  Page 
Scheme 1.1 General idea on the mechanism of the DSSC      8 
Scheme 2.1 Synthesis of 2,5-dihydroxy substituted chalcone with SOCl2    26 
Scheme 2.2 Synthesis pathway of chalcone based on acid catalytic reaction    28 
Scheme 2.3 Synthesis pathway of base catalytic Claisen-Schmidt condensation 
reaction 
   30 
Scheme 2.4 Suzuki-Miyaura reaction of chalcone synthesis    31 
Scheme 2.5 Synthesis of chalcone through grinding technique    32 
Scheme 2.6 Synthesis of meta-chalcone compound via grinding technique    33 
Scheme 2.7 Synthesis of 4’-hydroxy and 4’-carboxyl chalcone via ultrasonic 
irradiation 
   34 
Scheme 2.8 Synthesis of chalcone via microwave-assisted technique    34 
Scheme 2.9 Synthesis pathway of chalcone derivatives as anti-oxidant agents    36 
Scheme 2.10 The synthesis pathway of poly(aryl ether chalcone)    40 
Scheme 2.11 Schematic diagram of interaction between PDAC and PVA    42 
Scheme 2.12 Square planar geometry of 2’-hydroxychalcone complex    44 
Scheme 2.13 Different conformation of 2’-hydroxychalcone ruthenium complex    46 
xx 
 
Scheme 2.14 Schematic diagram of ruthenium(II) complex    47 
Scheme 2.15 Synthesis of bis-2’-hydroxychalcone with ruthenium (II) precursor    48 
Scheme 4.1 Claisen-Schmidt condensation mechanism of bis-chalcone 
derivatives 
   72 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
